Sequential delivery of maturation stimuli increases human dendritic cell IL-12 production and enhances tumor antigen-specific immunogenicity.
Despite the increasing use of dendritic cells (DCs) in clinical trials, questions regarding the optimal means of DC preparation, in particular how to achieve optimal maturation, remain unanswered. We hypothesized that delivering two separate sequential maturation signals to DC in vitro, mimicking the process of DC maturation that occurs in vivo, would enhance the ability of DCs to generate antigen-specific effector T cells in an experimental in vitro antimelanoma model. Human monocyte-derived DCs were transfected with mRNA encoding melanoma-associated antigen Mart-1 (MART) or influenza M1 matrix protein (M1). After mRNA transfection, DCs were left untreated or exposed to different maturation stimuli either added simultaneously or delivered sequentially 18 h after first stimulation. Phenotypic DC cell-surface marker changes and IL-12 secretion were analyzed. Specific antigen presentation by DCs was measured by IFN-gamma release Elispot assay using a CD8(+) MART peptide-specific T cell clone. RNA-transfected and treated DCs were cultured with autologous naive T cells and the induction of antigen-specific effector T cells were assessed by IFN-gamma release Elispot assay. DCs transfected and matured had increased cell-surface expression of CD40 and costimulatory molecules CD80, and CD86. DCs matured and further treated by soluble CD40 ligand (sCD40L) had a 10- and 2-fold increase in MART antigen presentation compared to untreated (immature) DCs and DCs treated only with a first maturation signal, respectively (Elispot P = 0.02). Delivery of sequential maturation stimuli resulted in maximal DC IL-12 secretion compared to simultaneous stimuli. Last, generation of antigen-specific effector T cells more than doubled with the sequential addition of sCD40L to mature DC stimulators (Elispot P = 0.009). Maturation of DCs following mRNA transfection increases expression of cell-surface costimulatory molecules. Delivery of a second sequential maturation stimulus enhances antigen presentation, increases IL-12 secretion, and augments immunogenicity as evidenced by generation of tumor antigen-specific effector T cells. This strategy should be considered in the future development of RNA-based DC vaccine strategies for the treatment of cancer.